Neck injury after whiplash trauma in a defined population in Northern Sweden: long term sick leave and costs of low productivity. 
Introduction
The incidence of neck injuries following whiplash trauma is believed to be over 300 per 100,000 person-year after traffic collisions [1] . The "true" incidence is, however, difficult to assess because emergency department (ED) reports [2] [3] [4] [5] , studies based on police reports [6] , and insurance company reports [7, 8] provide differing figures based on varying definitions and inclusion criteria. Populationbased studies covering traffic and non-traffic whiplash trauma are rare. There are two previous ED-reports from Sweden including both traffic and non-traffic injury events. In the first study from 1985-86 including all ages, the incidence of neck injuries was 117 per 100,000 person-year [9] . In the second study from 1988-90 including adults, the incidence was 227 per 100,000 person-year [10] . From the Netherlands, Versteegen et al. reported that the incidence of "neck sprains" from non-traffic injury events among patients of all ages increased from 5.5 per 100,000 person-year in 1970-74 to 24.1 per 100,000 person-year in 1990-94 [5] . During the same period, the incidence of neck injuries following car accidents increased from 3.4 to 40.2 per 100,000 person-year [4] .
Persons subject to neck injury following whiplash trauma may experience neck pain, neck stiffness, or other symptoms -whiplash associated disorders (WAD) -such as headache, dizziness or auditory impairment [11, 12] . These symptoms resolve within three months in many cases but in 20-50% of the cases, chronic symptoms are reported [13, 14] . The return-to-work rate following whiplash injuries was found to be 95% in a 2005 review [15] . More recently, Buitenhuis et al. found 34% of 733 whiplash insurance claimants had some degree of work disability one month after injury, at six months, the figure was 19% and at 12 months 13% had work disability [16] . Jöud et al. showed that the median number of sick days increased from the year prior to the year after a neck injury [17] . The costs to society from neck injuries are large, and indirect costs such as lost productivity holds the lion's share [18, 19] . Chappuis et al. found an average cost per whiplash-claim of 9,000 Euros in ten European countries [20] . The Swedish Society of Medicine and the Whiplash Commission Medical Task Force found that the cost for whiplash injuries in Sweden (9.5 million inhabitants) nears 500 million Euros annually [19] .
There is a lack of ED-based cohorts investigating long-term sick leave after neck injuries. Such cohorts will include many of the "mild" neck injury cases that are not included in insurance company records. Thus, the figures presented from ED-based cohorts will better reflect the full spectrum of neck injuries in society and the calculations of cost of injury will be a valuable complement to studies of other design.
Based on a cohort of persons of all ages with neck injuries following a traffic or non-traffic whiplash trauma who attended the ED of a midsized Swedish hospital, the aims of the study were:
1. To establish the incidence of neck injuries (WAD 1-4) in the defined population.
2. To describe epidemiological aspects of neck injuries in three agegroups (0-17, 18-64, and ≥65 years).
3. To describe the consequent long-term sick leave (≥15 days) during a five-year follow-up of age group 18-65. 4 . To find possible risk factors for long-term sick leave sick leave.
5.
To calculate the cost of lost productivity.
Materials and Methods

Patients and procedure
During 2001, 137,000 inhabitants in the well-defined catchment area of Umeå University Hospital comprised the population at risk for having an injury following a traffic or non-traffic injury event demanding medical attention at the emergency department (ED). The hospital is the only one in the area and the distance to the next nearest hospital is 110 km. From 1 Jan 2001 to 31 Dec 2001, 10,493 patients were registered in the injury register of the ED (8,997 non-vehicle related injuries and 1,496 vehicle related injuries). The register contains all types of injuries and the study-specific data set originates from this register.
Upon arrival at the ED, all injured persons were asked to answer a questionnaire about the injury-causing incident. This self-explanatory questionnaire was filled out by the patient or accompanying persons. Data from all available medical records, ambulance and police reports were included in the injury register. Sometimes, information was also gathered from bystanders and relatives. If necessary, supplementary details were retrieved by telephone interviews conducted by one of the injury registers' coders. These trained administrators then assessed all the information to find all injuries and injury mechanisms. In cases with multiple injuries, up to three additional injuries were registered. By checking against the hospital's compulsory E-number registration for "external cause", the problem of losing inpatients from the data set was eliminated [21] . The proportion of registration misses among outpatients was about 10% for non-traffic and 5% for traffic injuries in the monthly quality control of the register (ie, when all registered patients during 3 randomly selected days were compared with all hospital visits for the same period) -these losses were random.
In 2004, extraction of data from the injury register to the studyspecific data set was conducted. The following procedure was used: All persons registered by the coders as having an injury localized to the neck were identified (n=568). The questionnaires and the medical records concerning these cases were then re-evaluated by the authors and the patients were included in the study if the following criteria were fulfilled:
1. The neck injury should be caused by a whiplash-like movement to the neck (acceleration-deceleration mechanism [22] , thus no cases with a neck injury caused by direct violence to the neck were included (for example a punch). All injury mechanisms from traffic were considered to be whiplash-like.
2. The neck injury should be a strain, sprain, fracture, ligament, or joint injury. No wounds or cuts were included.
3. The injured had to have sought medical attention within 30 days of the incident.
After applying these criteria to the 568 identified cases in the injury register, 480 cases remained. A final effort was then conducted in purpose of finding missing cases among the 1,496 traffic cases. When all questionnaires and medical records were read once more, 45 additional cases were found. Altogether 525 cases of all ages were included in the final data set; see flow chart, Figure 1 . All injuries were assessed to fit within WAD-grade 1-4 [22] . The authors set the WAD-grades in retrospect based on data from the medical records. Because WAD-grades 2 and 3 were difficult to distinguish, they were combined into one group (WAD 2-3). The classification of the injuries' severity was conducted by one of the authors based on the Abbreviated Injury Scale (AIS) [23] . The scale ranges from 1 (minor injury) to 6 (maximal injury, in most cases fatal). When assessing the velocity of the crashes, the velocity of the vehicle in which the injured person was traveling was registered. Exceptions were when the injured person was travelling in a vehicle that had stopped and was hit by another vehicle; the velocity of the other vehicle was then registered.
Sick leave
All Swedish citizens older than 18 and usually to the retirement age of 65 are compulsory insured and granted economic compensation from the Swedish Social Insurance Agency (SSIA) in case of injury or illness. SSIA administrates and registers payment of sickness benefits and disability pensions. In their database, the cause of sick leave (ICD-10 diagnosis [21] and free text) as well as the degree to which sickness benefits are being granted is registered. All cases in age group 18-64 years (n=417) were, therefore, scrutinized by the authors with assistance from personnel at the SSIA to find sick leave periods that occurred between 2001 and 2006. Because the causes of sick leave are clearly stated in this register, it was possible to include only the sickleave periods connected to the WAD arising from the specific neck injuries in question. Sick leave periods due to concomitant injuries were excluded. Persons that had sickness benefits due to WAD prior to the injury or previous disability pension were excluded in the calculation of sickness data. In 97% of the cases the data was found. The first 14 days of sick leave are paid by the employer and not registered by SSIA. Sick leave shorter than 15 days are, therefore, not included in our data set.
Cost of lost productivity
The cost of lost productivity was calculated by multiplying the total sick years (1 sick year = 365 days of full-time sick leave) by the yearly cost of one employee, including payroll taxes in Sweden in 2001 (43,100 Euros) [24] .
Definitions of categories of injury events
Falls: Horizontal and vertical falls.
Car, bus, or truck crashes: Four-wheel vehicle road crashes.
Other vehicle-related injury events: Bicycle, moped, motorcycle, or snowmobile crashes.
Contact with object: The victim was hit by an object (or another person). This includes sports injuries, assaults, and collision with an object during a fall.
Statistical analysis
PASW Statistics 18 was used (SPSS Inc., Chicago, IL). Medians were presented with interquartile range (IQR) as measure of variability. The difference in the number of cases being granted sick leave in various subgroups was statistically analysed with the Likelihood Ratio-test (G 2 ). Post hoc analysis was conducted using partitioning of the G 2 -statistics and pairwise comparison using Bonferroni correction [25] . The distribution of sick days within each subgroup was analysed using either the non-parametric Mann-Whitney U-test or the KruskalWallis test. The level of statistical significance was p=0.05. Two clusters of variables were univariate analysed: 1. demographic and injury-specific data; 2. car-specific data. The variables with a p-value of <0.1 when tested for the outcome "sick leave: yes or no" were selected to be included in a logistic regression analysis. Because only one of the variables of car-specific data had a p-value <0.1 (velocity), the significant variables from the demographic and injury-related data were included also in that logistic regression. Because the number of persons on sick leave following fall injuries was zero, that variable could not be included in the logistic regression. We solved this problem by choosing to include vehicle related injury events and nonvehicle related injury events (including falls) in the regression. Additionally, 18-19 year olds had zero sick leave days; thus the age was included in the regression as a continuous variable. The enter-method, which enters all variables concurrently, was used. Nagelkerke R2 was used as a measure of goodness of fit for the models.
Ethics
The Regional Ethical Review Board in Umeå approved the study.
Results
Incidence
The incidence of neck injury following whiplash trauma was 383 per 100,000 person-year. For additional age and sex-specific incidences, please see Table 1 and Figure 2 . Table 1 : The incidence of neck injury following whiplash trauma in children and adolescents, adults, and elderly persons (numbers in bracket are for men and women respectively) 
Epidemiological aspects
The 525 cases consisted of 292 (56%) men and 233 (44%) women; the median age was 29 years (IQR 21). The baseline characteristics for children and adolescents, adults, and elderly persons are shown in Table 2 . The most common cause of injury was car-bus, or truckcrash (n=320; 61%).
Three hundred and sixty six (70%) of the patients attended the ED on the day of injury and 514 (98%) within the first week. Of all injured, 64 (12%) were treated as inpatients for a median of one day (IQR 1). Of patients with an isolated neck injury of WAD-grade 1-3 (n=372), only nine (2%) were treated as inpatients. An AIS-score ≥2 (WAD 4 or significant concomitant injuries) was associated with a higher number of inpatient days (data not shown).
All WAD 1-3 injuries were classified as AIS 1. The 16 WAD 4 injuries (3% of the injured) were classified as AIS 2, 3 and 5. Additional injuries were found in 145 patients (28%). Of these, 20 patients (4%) had moderate injuries (AIS 2 -mostly concussions and fractures), three patients (0.6%) had serious injuries (AIS 3 -unstable fractures to the thoracic/lumbar spine or skull base fractures) and four patients (0.8%) had severe injuries (AIS 4 -three subdural hematomas and one ruptured spleen). 
Long-term sick leave and its risk factors among adults (ages 18-64)
In 58 (14%) of the 417 patients in age group 18-64, sick leave was granted for ≥15 days. The median number of days on sick leave was 298 (IQR 1,074), 36 (62%) of the patients were men and 22 (38%) were women. Eleven (3%) patients were still on 100% sick leave after the five-year follow-up period; two (0.5%) were on 75% sick leave and six (1%) on 50% sick leave. Six of these 19 cases were injured in rear-end car, bus, or truck crashes, three in crashes with initial impact from the front or diagonally from the front, four were involved in rollovers, three were injured in side collisions and one was thrown from his vehicle after a collision. One patient was a bicyclist hit by a car and one was a farmer who was hit in the head by a hay bale. Four of these 19 patients had concomitant injuries of AIS-grade 1 and 1 patient had an AIS 2 injury.
The results of our univariate analysis of baseline and injury-specific data vs. presence of sick leave and the length of sick leave are shown in The share of patients granted sick leave for ≥15 days after falls was zero.
Those with the most severe neck injuries (WAD 4) had neither significantly higher percentage of sick leave nor longer sick leave, than those with WAD 1-3. The presence of additional injuries had no significant impact on the length of sick leave due to the neck injury.
There were no significant differences between men and women.
Age, type of injury event, and WAD-grade were further included in the logistic regression because of p-values <0.1. The logistic regression showed that older age, having a WAD-grade of 1, and being injured in vehicle related injury events all were significant risk factors of being granted long-term sick leave, see Table 4 . 
OR
Long-term sick leave and its risk factors among 18-64 year old car occupants
The second group being analysed regarding sick leave was adult car occupants (n=275). Forty-three of those (16%) were granted sick leave for ≥15 days. The median number of sick days was 268 (IQR 1,414). For univariate analysis of car-specific baseline data vs. the presence of sick leave and duration of sick leave, see Table 5 . Those injured in velocity 50-124 km/h had a close to significant higher share of sick leave than those injured in lower velocities. Velocity was, therefore, included in the logistic regression along with age and WAD-grade. Velocity 50-124 km/h and older age proved to be significant risk factors in the logistic regression while WAD-grade did not, see Table  6 . 20 (13) 732 (1673) Unknown (n106) 21 (20) 0.267 217 (1421) 0.444
Direction of impact
Back followed by front (n11) 2 (18) The cost of lost productivity
The total sick days granted for the 58 patients who were granted sick leave was 36,919 or 101 sick years. This implies that the total cost of lost productivity during the five-year follow-up period was: in total 4.4 million Euros; 75,100 Euros for each of the 58 cases on sick leave; Citation: Styrke J, Stålnacke BM, Bylund PO, Sojka P, Björnstig U (2014) Neck Injury after Whiplash Trauma in a Defined Population in Northern Sweden -Long-Term Sick Leave and Costs of Low Productivity. 
Discussion
The current study included patients from a defined population who sought care at the ED for neck injuries (WAD 1-4) following whiplash trauma. The cases were analysed with focus on incidence, long-term sick leave (≥15 days), risk factors for sick leave, and finally the associated productivity loss. The primary findings were that the incidence was 383 per 100,000 person-year, 14% of the patients were granted sick leave ≥15 days and 4.5% were still work disabled after five years. Significant risk factors for long-term sick leave were old age, being injured in traffic crashes, and being injured in velocity ≥50 km/h. WAD grade 1 was a significant risk factor in one of two analysed groups. The cost of lost productivity was 75,100 Euros per person on sick leave.
Generally, comparison between ED-based studies on incidence and epidemiology of whiplash injuries are difficult because many studies are limited to, for example, only traffic injuries, only WAD 1-3, or only adults and the method of case collection varies between the studies. In previous studies from the same geographical area using similar inclusion criteria, an incidence of 117 per 100,000 person-year was observed in 1985-86 [9] and an incidence of 227 per 100,000 personyear was described in 1988-90 [10] . The higher incidence found in the present study indicates that an increase in incidence has occurred. Several authors describe this during the last 30 years [1, 19] . Why the incidences has increased is unknown, possible explanations include, for example, improved injury registration and increased propensity to attend the ED after neck injuries [2] .
The median age, as well as the share of patients injured in traffic, was in line with other studies from our area and other western countries [3] [4] [5] 9, 10, 26] . The percentage of men in our study population was higher than in other studies where male/female ratios ranged from 0.3-1.1 [9, 27] . A high number of injured men among the cases injured in other vehicle-related injury events and contact with object might explain this because those groups are often not included in studies of neck injuries.
The share of patients granted sick leave was lower than in some other studies: Mayou and Bryant found that 23% of 63 patients had work absence for more than one month [28] . On the other hand, these authors reported that all of those previously employed full-time returned to work within one year [28] . Buitenhuis et al. showed a high rate of sick leave among insurance claimants [16] . Differing recruitment methods likely explain the differences, and our lower figures [29] . Borchgrevink et al., in an ED-based study, found that 27% of 426 patients had been on sick leave, while Karlsborg et al. reported a median absence from work of six days (0 days-9 months) [30, 31] . Those two studies also included short-term sick leave of less than two weeks, making direct comparison with our figures difficult. In an earlier study from our geographical area during 1990-1991, 7% of 255 patients were still on 100% sick leave after five years, compared with 3% in the present study [32] . In the previous study, however, only car occupants were included. Altogether, these results from our area correspond well to the 95% return to work rate shown by Athanasou et al. [15] . Furthermore, it should be emphasized that 86% of the injured persons did not have long-term sick leave, thus indicating a good prognosis from a sick leave perspective.
Risk factors for sick leave because of neck injury following traffic crashes have been studied but not enrolled in any systematic reviews. In one insurance company cohort, high age and concentration difficulties one-month post injury were significant risk factors for prolonged sick leave [16] . Another study reported that subjective cognitive symptoms and decreased range of motion at baseline were significant risk factors for sick leave three years post injury [33] . Miettinen et al. reported that being male or single had a protective effect and in a study of neck and back pain in general, female sex and advanced age were risk factors for disability pension but not sick leave [34, 35] . Fort et al. studied predictors for not being able to return to work after traffic-crashes in general and found that having pressed charges, pain at six months, and physical sequelae at six months were independent predictors [36] . The present study´s finding that high age is a risk factor for sick leave confirms some of the previous findings mentioned earlier. An interesting new finding was that vehicle-related injury events was a risk factor for long-term sick leave. Future studies of risk factors for sick leave following neck injuries will, hopefully, include various types of injury events thus providing a possibility to reproduce this result.
The total cost projected into the future for all whiplash injuries in Sweden 2001 (8 million inhabitants, 3.5 million cars) has been estimated at nearly 500 million Euros [19] . There are also significant costs on a personal level for a large proportion of the injured, LethPetersen et al. found that only half of whiplash claimants returned to the same earning level that they had prior to the injury [37] . The mean cost for productivity loss per person found in this study (10, 400 Euros) can be compared with a study from Sweden showing that whiplash injuries give rise to an approximate eight days average increase in the number of sick days from the year prior to the whiplash injury to the year after the injury [17] . This translates to a cost of about 950 Euros per case the first year after the injury (calculation based on the same method as in the present study). Two reasons can mainly explain the tenfold difference between Joud´s and our results: 1. Sick leave for other reasons was accounted for in Joud's study; if that had been done in the present study the cost would decrease by up to 30%; 2. A fiveyear follow up adds a much higher number of sick days than a oneyear follow up. In another large register based case-control study, Jennum et al. found that direct (health care) and indirect costs (loss of productivity) was 1,242 Euro per patient the year prior to a whiplash injury and 2,559 Euros the year after, a difference of 1,317 Euros [18] . The costs should be related to costs of preventive measures such as more effective head restraints and restraint systems in cars, and to other injury mitigation measures. Even though the youngest patients were seldom granted long-term sick leave, some were. For young people, a whiplash injury might become a personal disaster, as well as a costly incident for the society and insurance system.
Studies of neck injuries in persons of all ages, including traffic and non-traffic injury events as well as neck injuries of all severities (WAD 1-4), are rare. Because this study has this wide inclusion, it gives a complete picture of all neck injuries treated at the ED of a middlesized Swedish city. These injuries and the consequent long-term sick leave are described with good validity given the circumstances that the population in the area has well-known demographics, only one medical facility takes care of this type of acute emergencies, the injury registration is stable and reliable, and the social insurance system is compulsory. In 97% of all cases in age group 18-64 we have clear-cut independent documentation of their long-term sick leave 2001-2006. However, because our incidence figures are based on ED-visits, they may not cover all neck injuries in society. ED-cohorts are naturally biased towards severe and moderate cases; there are likely a number of cases with mild strains and sprains, especially following non-traffic injury events that are not attended to by the ED. However, because the inhabitants in the area traditionally seek medical care at the hospital's ED and because the GP on-call is located at the hospital, the results seem to be appropriate for giving a representative and conservative picture of neck injuries in need of medical attention in the area. Umeå is a city with a low mean age (university city) and may have a disproportionate number of injured bicyclists compared to cities with other demographics. In this study, the whole population in age group 18-64 was considered to be at risk for sick leave. Because some persons at baseline benefit from disability pension and because some are institutionalized, the true population at risk is lower. We could not control for this in our material. The logistic regressions conducted to determine risk factors for long-term sick leave had a poor goodness of fit suggesting that the models do not fit the data very well. It´s also important to emphasize that some of the previously known important risk factors for poor outcome, such as pain intensity and education [38] were not included in the analysis. The somewhat odd finding that WAD grade 1 was a significant risk factor for long-term sick leave has to be interpreted with caution. A systematic review and meta-analysis of risk factors for persistent problems following whiplash injuries came to the opposite conclusion [38] . The fact that the WAD-grades were set in retrospect may have biased the results and the number of patients included in the analysis was small. The cost of lost productivity calculated from sick leave ≥15 days is only a part of the total cost of neck injuries following whiplash trauma and should not be considered to reflect the full spectrum of costs to the individual and to society. However, given that the number of inpatient days was very low in the present study (indicating a low health care cost), and given that adding the first 14 days of sick leave would not have increased the total sick years by more than a few years; the calculation of the cost of lost productivity still gives a good estimate of the total costs to society from these injuries.
As stated previously, the incidence of whiplash injuries from traffic crashes is believed to be >300/100,000/year [1] . The present study highlights that other injury mechanisms also give rise to neck injuries after whiplash-like movements. Two main questions for future studies arise from these facts: 1. What is the true incidence of neck injuries following whiplash trauma in society? 2. What is a non-traffic whiplash trauma, how should it be defined, and are the injury mechanisms similar to those of traffic crashes or not? A large population based study aiming at reaching cases of all severities including cases not seen in hospitals is needed to answer question 1. Such a prospective study should also include follow up at different points to determine the natural history of the condition including sick absence. Notably, falls caused no cases of long-term sick leave in our study -maybe indicating a low trauma-energy and maybe indicating that falls do not cause psychological trauma to the same extent as traffic-crashes. Experimental studies of neck kinematics in falls would be helpful to partly explain this issue and to answer question 2. Future studies on sick leave should try to answer the question; why some people are granted sick leave and some not, and if sick leave can be used to enhance the rehabilitation process.
In conclusion, neck injuries following whiplash trauma arise from both traffic and non-traffic injury events and affect people of all ages. Consequent long-term sick leave occurs in a minority of the patients; commonly among older persons and persons injured in traffic. Because of the high incidence, the small share of patients who are sick absent for very long periods of time will contribute to a high cost to society for lost productivity.
